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TITLE OF THE INVENTION 



IMAGE FORMING APPARATUS 
5 BACKGROUND OF THE INVENTION 

Field of the Invention 

[000 1] The present invention relates to a multibeam image forming 
apparatus. More particularly, the invention relates to realization of high 
10 resolution of an image formed by the apparatus. 
Description of the Related Art 

[0002] In image forming apparatuses for forming an electrostatic latent 
image using a laser beam, such as digital copiers, laser-beam printers, and 
the like, a laser beam from a semiconductor laser is projected onto a rotating 

15 polygonal mirror, and a reflected beam from the polygonal mirror is projected 
onto the surface of a charged photosensitive member moving at a constant 
speed. By the rotation of the polygonal mirror, the laser beam is caused to 
perform scanning in a direction (main scanning direction) orthogonal to the 
moving direction (sub-scanning direction) of the photosensitive member. 

20 Since the laser beam is modulated in accordance with an image to be output, 
an electrostatic latent image is formed on the photosensitive member. The 
electrostatic latent image is developed to provide a visualized toner image. 
[0003] Recently, in response to a request for high-speed image formation, 
multibeam image forming apparatuses having a plurality of lasers have been 

25 realized. 

[0004] In such a multibeam image forming apparatus, lasers are disposed 
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so as to perform scanning by arranging a plurality of laser beams in a 
sub-scanning direction. For example, a forced-laser-emission signal and a 
sample-and-hold request signal are prepared for each laser, and start of 
control to cause each laser to emit light by the forced-laser-emission signal 
5 and the sample-and-hold request signal at a predetermined timing, and to 
adjust the amount of laser light to a predetermined value (automatic power 
control) is instructed in a non-image region for each scanning operation 
during a printing operation. An image for a plurality of lines is formed at one 
laser scanning operation. Accordingly, in a printer of this type, an image for 

10 the same number of lines as the number of laser beams can be formed at one 
laser scanning operation. As a result, high-speed printing can be realized. 
[0005] On the other hand, in order to respond to a request for 

high-resolution image formation, the number of image forming apparatuses 
having a high-resolution mode in addition to an ordinary-resolution mode is 

15 increasing (refer to Patent Literatures 1, 2). 

[0006] When intending to provide high resolution in a main scanning 
direction, an approach to increase the frequency of video clock signals for 
transmitting image data is adopted in order to increase the pixel density at 
one laser scanning operation. 

20 [0007] When intending to provide high resolution in a sub-scanning 
direction, an approach to increase the rotational speed of the polygonal 
mirror as well as increasing the frequency of video clock signals, or an 
approach to reduce the moving speed of the photosensitive member is 
adopted in order to increase the scanning frequency (the number of scanning 

25 operations per unit length in the sub-scanning direction) for the 
photosensitive member. 
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[0008] However, in a multibeam image forming apparatus, if the scanning 
frequency for the photosensitive member is increased in order to provide high 
resolution in the sub-scanning direction, a problem of duplicated scanning 
arises. For example, in a two-beam image forming apparatus, the scanning 
5 frequency for the photosensitive member must be increased by four times in 
order to double the resolution in the sub-scanning direction. In this case, if 
the two-beam image forming system is used without being modified, the same 
scanning line is subjected to duplicated scanning by respective laser beams 
because the beam interval remains in the state of original resolution (refer to 
10 FIGS. 4 and related description to be provided below). Accordingly, scanning 
must be performed only by one of two beams, and therefore the feature of the 
two-beam image forming system is not utilized. 

[0009] Furthermore, in order to provide high resolution in the main 
scanning direction, the frequency of video clock signals may be increased. 
15 However, an increase in the frequency causes a problem of radiation noise 
from circuitry, thereby increasing the production cost in order to deal with 
radiation noise. 

SUMMARY OF THE INVENTION 

20 [00 10] The present invention has been made in consideration of the 
above -de scribed problems. 

[00 11] It is an object of the present invention to increase resolution in a 
main scanning direction and in a sub-scanning direction in an image forming 
apparatus by utilizing features of a multibeam method. 
25 [0012] According to one aspect of the present invention, an image forming 
apparatus includes n independently driven light sources, a scanner unit 
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adapted to cause n light beams from the n light sources to perform scanning 
on a photosensitive member in a main scanning direction, a moving unit 
adapted to cause the n light beams to perform scanning in a sub -scanning 
direction by moving the photosensitive member, and a control unit for 
5 controlling the scanner unit and/or the moving unit so that a main scanning 
line on the photosensitive member is subjected to overlapped exposure k 
times with different light beams. The control unit has at least a first mode in 
which k is set to kl, and a second mode in which k is set to k2 (=£ kl), 
wherein n = ilXkl = i2Xk2, il and i2 are natural numbers, and kl and k2 

10 are natural numbers equal to or larger than 2. The image forming apparatus 
also includes a modulator for modulating the respective light beams so that 
dot strings formed by the respective light beams are shifted by a distance of 
d/k in the main scanning direction, where d is an interval between dots 
formed by each light beam. 

15 [0013] The foregoing and other objects, advantages and features of the 
present invention will become more apparent from the following detailed 
description of the preferred embodiments taken in conjunction with the 
accompanying drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a cross-sectional view illustrating the configuration of an 
image forming apparatus according to a first embodiment of the present 
invention; 

25 [0015] FIG. 2 is a cross-sectional view illustrating the configuration of a 
process cartridge shown in FIG. 1>" 
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[0016] FIG. 3 is a diagram illustrating a scanner unit shown in FIG. i; 
[0017] FIG. 4 is a diagram illustrating an ordinary-resolution mode in the 
first embodiment; 

[0018] FIG. 5 is a diagram illustrating a high-resolution mode in the first 
5 embodiment; 

[0019] FIG. 6 is a diagram illustrating a high-resolution mode in the first 
embodiment; 

[0020] FIG. 7 is a diagram illustrating an ordinary-resolution mode in the 
first embodiment; 

10 [0021] FIG. 8 is a diagram illustrating a high-resolution mode in the first 
embodiment; 

[0022] FIG. 9 is a diagram illustrating a high-resolution mode in the first 
embodiment; 

[0023] FIG. 10 is a diagram illustrating a high-resolution mode in a 
15 second embodiment of the present invention; 

[0024] FIG. 11 is a diagram illustrating a high-resolution mode in the 
second embodiment; 

[0025] FIG. 12 is a diagram illustrating an ordinary -re solution mode in a 
third embodiment of the present invention! 
20 [0026] FIG. 13 is a diagram illustrating a high-resolution mode in the 
third embodiment; 

[0027] FIG. 14 is a diagram illustrating a high-resolution mode in the 
third embodiment; and 

[0028] FIG. 15 is a diagram illustrating the electric system of the image 
25 forming apparatus shown in FIG. 1. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0029] Image forming apparatuses according to preferred embodiments of 
the present invention will now be described in detail with reference to the 
5 drawings. The present invention is not limited to an apparatus, but can also 
be applied to a method or to a program for realizing the method, based on the 
description of the embodiments. 
(First Embodiment) 

[0030] FIG. 1 is a schematic cross-sectional view illustrating the 

10 configuration of an image forming apparatus according to a first embodiment 
of the present invention. In FIG. 1, a scanner unit 1 includes a laser, a 
polygonal mirror and a lens system, and scans the surface of a photosensitive 
drum 3 in an axial direction using a laser beam. An electrostatic latent image 
is formed on the surface of the cylindrical photosensitive drum 3 by projecting 
15 the laser beam. A primary charger 4 comprises a charging roller for uniformly 
charging the surface of the photosensitive drum 3. A toner 51 within a 
developing device 5 adheres to charged portions of the photosensitive drum 3 
by being negatively charged. A transfer charger 6 comprises a transfer roller. 
A recording material 7 comprises, for example, a transfer material on which a 
20 formed image is to be recorded. A fixing unit 8 permanently fixes the toner 51 
adhering to the recording material 7. An elastic cleaning blade is used as a 
cleaning device 9. A reflecting mirror 11 reflects the laser beam so as to be 
projected onto the photosensitive drum 3. 

[0031] A cassette 71 is used for mounting sheets of the recording material 
25 7 on which image formation is to be performed. A standard-cassette sheet 
feeding roller 72 feeds the recording material 7 from the cassette 71. 
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Registration rollers 73 detect the registration of the leading edge of the 
conveyed recoding material 7 in order to perform printing. The registration 
rollers 73 convey the recording material 7 in synchronization with the 
leading edge of the latent image on the photosensitive drum 3. 
5 [0032] FIG. 2 is a diagram illustrating the configuration of a process 
cartridge used in the first embodiment. As shown in FIG. 2, the 
photosensitive drum 3, the charging roller 4, the developing device 5 and the 
cleaning device 9 that have been described above are integrated as a process 
cartridge 10. These components are assembled within the process cartridge 

10 10 with a predetermined mutual positional relationship. The process 
cartridge 10 can be inserted and mounted at a predetermined portion within 
the main body of the image forming apparatus according to a predetermined 
procedure, and can also be extracted from the main body of the apparatus. 
When the image forming apparatus continues to be used for a long time, the 

15 printing quality is degraded because the above-described components wear. 
In such a case, the user may exchange the process cartridge 10, so that a 
maintenance-free state for the user can be realized. 

[0033] The operations of the image forming apparatus will now be 
described. A laser beam modulated in accordance with an image signal is 

20 output from the scanner unit 1 so as to perform scanning. The laser beam is 
reflected by the reflecting mirror 11, and is projected onto the photosensitive 
drum 3, serving as an electrostatic-latent-image bearing member. The 
photosensitive drum 3 is uniformly charged by the primary charger 4, and an 
electrostatic latent image is formed on the surface of the photosensitive drum 

25 3 by irradiation of the laser beam. The electrostatic latent image is visualized 
as a toner image by being developed by the toner 51 within the developing 
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device 5. 

[0034] The recording material 7 accommodated within the cassette 71 as 
the transfer material is fed to the registration rollers 73 by the sheet feeding 
roller 72. Then, the recording material 7 is conveyed to the transfer charger 6, 
5 comprising the transfer roller, by the registration rollers 73 in 
synchronization with the leading edge of the latent image formed on the 
photosensitive drum 3, and the toner image is transferred onto the recording 
material 7 by the transfer charger 6. After the toner image has been 
permanently fixed by the fixing unit 8, the recording material 7 having the 
10 toner image transferred thereto is discharged outside of the apparatus. Toner 
particles remaining on the photosensitive drum 3 are removed by the 
cleaning device 9. 

[0035] FIG. 3 is a diagram illustrating the configuration of the scanner 
unit 1 used in the first embodiment. The configuration of the scanner unit 1 

15 having two lasers will now be described with reference to FIG. 3. 

[0036] Two lasers 12 will be represented as lasers 12A and 12B. The laser 
beam emitted from each of the lasers 12A and 12B is made a parallel beam 
having substantially a predetermined beam diameter by a first lens system 
13 including a collimating lens, a diaphragm and the like, and is projected 

20 onto the polygonal mirror 14. The polygonal mirror 14 rotates at a constant 
speed in the direction of an arrow. The incident light beam is reflected as a 
deflecting beam whose angle continuously changes in accordance with the 
rotation of the polygonal mirror 14. The deflecting light beam is condensed by 
a second lens system 15, such as an f— 9 lens system or the like, and scans 

25 the surface of the photosensitive drum 3 in the direction of an arrow at a 
constant speed. 
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[0037] Driving circuits 17A and 17B are provided for the lasers 12A and 
12B, respectively, and the formation of an electrostatic latent image on the 
photosensitive drum 3 is performed by controlling the amount of light of each 
of the lasers 12A and 12B. A BD sensor 16 for converting light output into an 
5 electric signal is provided at a portion outside of a position to start beam 
scanning. The BD sensor 16 operates as a synchronizing mechanism for 
determining a timing to write image information on the photosensitive drum 
3 by detecting the timing of passage of the light beam. Usually, the BD sensor 
16 is disposed at a position outside of the scanning region so as to obtain the 
10 timing of emission of the light beam at every scanning operation. A write 
signal is transmitted after the lapse of a predetermined time of t seconds 
after the BD sensor 16 has detected the scanning beam, and image data is 
formed with a predetermined video clock frequency. 

[0038] The lasers 12A and 12B are mounted and the lens systems are 
15 adjusted so that the interval between light spots A and B formed on the 
scanning surface of the photosensitive drum 3 by light beams emitted from 
the lasers 12A and 12B, respectively, has a predetermined value. The 
distance between the light spots A and B in the main scanning direction is 
determined so that the timing of passage of each of the light spots can be 
20 independently detected, and the distance between the light spots in the 
sub-scanning direction is determined based on the resolution of the 
electrostatic latent image. 

[0039] Next, the electric system of the image forming apparatus will be 
described with reference to FIG. 15. _ 
25 [0040] In FIG. 15, an image processing unit 101 generates image data to 
be formed by the image forming apparatus by receiving a printing job from a 
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host computer (not shown). A control unit 102 controls overall image forming 
operations of the image forming apparatus. The scanner unit 11 includes the 
laser driving circuit 17, the laser 12 and the BD sensor 16 that have been 
described above, as well as a scanner motor 104 for rotating the polygonal 
5 mirror 14, a scanner-motor driving circuit 103 for driving the scanner motor 
104, and the like. A control unit 102 detects the rotational speed of the 
scanner motor 104 based on the interval between BD signals transmitted 
from the BD sensor 16, and transmits a control signal to the scanner-motor 
driving circuit 103 so that the revolution speed of the scanner motor 104 has 

10 a predetermined value. The control unit 102 also controls the timing of 
transmission of image data so that modulation by the laser driving circuit 17 
is started after a predetermined time from a BD signal from the BD sensor 16. 
By variably controlling the timing from the BD signal to transmission of 
image data, it is possible to shift the formed line in the main scanning 

1 5 direction. 

[0041] A drum motor 106 rotates the photosensitive drum 3, and a 
drum-motor driving circuit 105 drives the drum motor 106. The control unit 
102 instructs a target speed to the drum-motor driving circuit 105. In the 
first embodiment, as will be described later, by switching the target speed for 

20 the scanner motor 104 or the drum motor 106 to one of a plurality of values 
by the control unit 102, a plurality of resolution modes can be switched. 
[0042] According to the above-described configuration, in an 

ordinary-resolution mode, as shown in FIG. 4, an image for two lines, i.e., a 
dot line by the laser 12A and a dot line by the laser 12B, is simultaneously 

25 formed at one scanning operation with a dot interval d in the main scanning 
direction and in the sub-scanning direction. 
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[0043] Next, the case of a high-resolution mode in which resolution is 
doubled both in the main scanning direction and the sub-scanning direction. 
[0044] In a two-beam laser system, in order to double the resolution in 
the sub -scanning direction, the scanning period for the photosensitive drum 
5 must be reduced to 1/4. Hence, the rotational speed of the polygonal mirror is 
increased by four times while increasing the video clock frequency by four 
times. When the scanning period is reduced to 1/4, duplicated scanning as 
shown in FIG. 5 is performed. Accordingly, in contrast to the conventional 
approach in which scanning is performed only by one of the lasers 12A and 

10 12B, scanning is performed by the two lasers 12A and 12B in the first 
embodiment. At that time, when a write signal for the laser 12A is 
transmitted after the lapse of a predetermined time oft seconds after the BD 
sensor has detected a scanning beam, a write signal for the laser 12B is 
arranged to be transmitted after (t + t2) seconds, where the time t2 is a time 

15 delay in order to adjust a dot of the dot string by the laser 12B to be 
positioned just between dots of the dot string by the laser 12A. Usually, the 
time delay t2 is set to be shifted by d/2 with respect to the dot interval d in 
the ordinary-resolution mode. According to the above-described setting, as 
shown in FIG. 6, dots by the laser 12A and dots by the laser 12B are 

20 alternately printed with an interval of d/2. As a result, even if the resolution 
in the sub-scanning direction is doubled, dot formation is performed without 
performing duplicated scanning. The resolution in the main scanning 
direction is also doubled. This is a first high-resolution mode in the first 
embodiment. 

25 [0045] Although FIGS. 4, 5 and 6 illustrate a case in which the dot 
diameter remains d, FIGS. 7, 8 and 9 illustrate a case in which the dot 
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diameter is set to d/2. FIG. 7 illustrates a case in which the dot diameter is 
set to d/2 in the ordinary-resolution mode, and FIG. 8 illustrates a case in 
which the scanning period is reduced to 1/4 in this state. Since the interval 
between the lasers 12A and 12B remains d even when the scanning period is 
5 reduced to 1/4, duplicated scanning as shown in FIG. 8 is performed. FIG. 9 
illustrates a second high-resolution mode in the first embodiment. In the case 
of FIG. 9, by providing a time difference of t2 in the main scanning direction 
between write signals for the lasers 12A and 12B, the dot strings of the two 
lasers are arranged to be shifted by d/2 in the main scanning direction. As 
10 can be understood from FIG. 9, the resolution is doubled both in the main 
scanning direction and in the sub-scanning direction, and duplicated 
scanning can be prevented. 

[0046] As described above, in order to double the resolution in the main 
scanning direction and the sub-scanning direction, the scanning frequency 

15 (the, number of scanning operations per unit length in the sub-scanning 
direction) for the photosensitive drum may be increased by four times. In 
order to increase the scanning frequency for the photosensitive drum by four 
times, in addition to the above-described method of reducing the scanning 
period to 1/4 compared with the case of the ordinary-resolution mode while 

20 not changing the rotational speed of the photosensitive drum, a method of 
reducing the rotational speed of the photosensitive drum to 1/4 while not 
changing the scanning period may also be adopted. According to this method, 
it is possible to provide high resolution in the main scanning direction and in 
the sub-scanning direction without increasing the video clock frequency, and 

25 suppress an increase in radiation noise. 

[0047] Although in the foregoing description, a photosensitive drum has 
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been illustrated as the photosensitive member, the same effect may, of course, 
be obtained when a photosensitive belt is used as the photosensitive member. 
(Second Embodiment) 

[0048] In the first embodiment, it has been shown that, when intending to 
5 increase resolution in the sub-scanning direction in a two-beam laser system, 
it is possible to prevent duplicated scanning by changing the writing position 
by one of two lasers, and also provide high resolution in the main scanning 
direction. However, in order to provide high resolution only in the main 
scanning direction, the scanning period for the photosensitive drum need not 

10 be reduced to 1/4, but it is only necessary to reduce the scanning period to 1/2. 
This case will be described as a second embodiment of the present invention. 
The configuration and the operations of hardware in the second embodiment 
are the same as in the first embodiment except for a scanner unit. Hence, the 
description in the first embodiment will also be used. 

15 [0049] FIG. 10 illustrates a state in which, in a two-beam laser system 
(see FIG. 4), the dot diameter is reduced to d/2, and the scanning period for 
the photosensitive drum is reduced to 1/2. In this state, duplicated scanning 
by the lasers 12A and 12B is performed. At that time, when a write signal for 
the laser 12A is transmitted after the lapse of a predetermined time of t 

20 seconds after the BD sensor has detected a scanning beam, a write signal for 
the laser 12B is arranged to be transmitted after (t + t2) seconds, where the 
time t2 is a time delay in order to adjust a dot of the dot string by the laser 
12B to be positioned just between dots of the dot string by the laser 12A. 
Usually, the time delay t2 is set to be shifted by d/2 with respect to the dot 

25 interval d in the ordinary-resolution mode. Then, as shown in FIG. 11, the 
resolution in the main scanning direction can be doubled. 
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[0050] As described above, in order to double the resolution in the main 
scanning direction and the sub-scanning direction, the scanning frequency 
(the number of scanning operations per unit length in the sub-scanning 
direction) for the photosensitive drum may be doubled. In order to double the 
5 scanning frequency for the photosensitive drum, in addition to the 
above-described method of reducing the scanning period to 1/2 compared with 
the case of the ordinary-resolution mode while not changing the rotational 
speed of the photosensitive drum, a method of reducing the rotational speed 
of the photosensitive drum to 1/2 while not changing the scanning period may 
10 also be adopted. According to this method, it is possible to provide high 
resolution in the main scanning direction and in the sub-scanning direction 
without increasing the video clock frequency, and suppress an increase in 
radiation noise. 

[0051] Although the case of a two-beam laser system has been described, 
15 the same effects may also be obtained in the case of a multibeam laser system 
using beams larger than two beams, such as a three-beam laser system, a 
four-beam laser system, or the like. That is, when the problem of duplicated 
scanning arises by increasing the scanning frequency for the photosensitive 
drum in order to provide high resolution in the sub-scanning direction, it is 
20 possible to provide high resolution in the main scanning direction, by 
arranging dots to be formed at an equal interval in the main scanning 
direction by shifting the write time after detection of each laser by the BD 
sensor. When the dot interval at the ordinary resolution mode is represented 
by d, and the number of laser beams is represented by n (n is a natural 
25 number equal to or larger than 2), n dot strings are formed at one scanning 
operation in the ordinary-resolution mode. If the scanning period is set to a 
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small value of 1/n, duplicated scanning by n lines is performed at one 
scanning operation. At that time, the writing positions by respective laser 
beams are changed so as to be shifted by d/n. Then, a dot string having a dot 
interval of d/n is formed in the main scanning direction, and the resolution in 
5 the main scanning direction is increased by n times. 
(Third Embodiment) 

[0052] The case of a four-beam laser system will now be described as a 
third embodiment of the present invention. The configuration and the 
operations of hardware in the third embodiment are the same as in the first 
10 embodiment except for a scanner unit. Hence, the description in the first 
embodiment will also be used. 

[0053] When the number n (n is a natural number equal to or larger than 
2) of laser beams can be subjected to factorization into prime numbers, 
duplicated scanning is performed if the scanning period is set to l/(a prime 

15 factor of n) even though the scanning period is not reduced to 1/n. FIG. 12 
illustrates dot strings in a four-beam laser system. Four dot strings can be 
formed at one scanning operation by lasers 12A, 12B, 12C and 12D. In the 
four-beam laser system, when the scanning period is reduced to 1/2, i.e., the 
scanning frequency is doubled (as described above, in order to double the 

20 scanning frequency, the scanning period is reduced to 1/2 compared with the 
case of the ordinary-resolution mode without changing the rotational speed of 
the photosensitive drum, or the rotational speed of the photosensitive drum is 
reduced to 1/2 without changing the scanning period), the lasers 12A and 12C, 
and the lasers 12B and 12D perform duplicated scanning. Accordingly, the 

25 writing positions by the respective lasers are shifted by d/2. Then, as shown 
in FIG. 13, dot strings having a dot interval of d/2 are formed, and the 
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resolution in the main scanning direction is doubled. 

[0054] FIG. 14 illustrates a case in which the scanning frequency is 
increased by four times in a four-beam laser system. In the case of FIG. 14, 
writing position by respective lasers are shifted by d/4. Then, dot strings 
5 having a dot interval of d/4 are formed, and the resolution in the main 
scanning direction is increased by four times. 

[0055] In this four-time mode, the main-scanning period may be 

increased by four times, or the rotational speed of the photosensitive drum 
may be reduced to 1/4. Alternatively, the main-scanning period may be 

10 doubled and the rotational speed of the photosensitive drum may be reduced 
to 1/2. By thus controlling the main-scanning period and/or the rotational 
speed of the photosensitive drum, four-time resolution is achieved. 
[0056] To sum up, when the following relationship holds for the number of 
laser beams- 

15 n = ilxkl = i2Xk2 = i3Xk3 

where il,i2, i3 — "natural numbers 

kl, k2, k3 --- -different natural numbers, 
a first high-resolution mode in which k = kl, a second high -re solution mode 
in which k = k2, a third high-resolution mode in which k = k3 — can be 

20 switched from each other. 

[0057] Since an ordinary mode that is not a high-resolution mode is 
provided at k = 1, at least two modes are provided with the condition of k > 1. 
[0058] That is, when the number of lasers can be subjected to 

factorization into prime factors, a plurality of modes of at least two can be 

25 selected as high-resolution modes. 

[0059] As described above, it is possible to increase the resolution in the 
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main scanning direction and in the sub-scanning direction by utilizing 
features of the multibeam method. 

[0060] The individual components shown in outline or designated by 
blocks in the drawings are all well known in the image forming apparatus 
5 arts and their specific construction and operation are not critical to the 
operation or the best mode for carrying out the invention. 
[0061] While the present invention has been described with respect to 
what are presently considered to be the preferred embodiments, it is to be 
understood that the invention is not limited to the disclosed embodiments. To 
10 the contrary, the present invention is intended to cover various modifications 
and equivalent arrangements included within the spirit and scope of the 
appended claims. The scope of the following claims is to be accorded the 
broadest interpretation so as to encompass all such modifications and 
equivalent structures and functions. 
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